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(57)Abstract: 

PURPOSE: To provide a technique for producing a new luminous material 
containing terbium as a matrix-constituting element and highly efficiently 
exhibiting a strong luminescence even at room temperature. 
CONSTITUTION: A method for producing the single crystal and polycrystal of 
terbium aluminate expressed by a general formula: Tb1-XAI1+X03 (-0.5£x£0.5) 
containing at least terbium, aluminum and oxygen is characterized by growing 
the crystals in the atmosphere of a reducing gas or neutral gas as a growing 
atmosphere. The terbium site may partially be replaced by a Ilia group element, 
and the aluminum site may partially be replaced by a II lb group element. Since 
the contamination of tetravalent terbium is prevented, the colorless and 
transparent single crystal and polycrystal exhibiting a yellowish green or green 
luminescence generating no crack and having a high quality is produced. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 




[Claim(s)] 

[Claim 1] At least, a terbium, aluminum, and oxygen are included and it is a 
general formula [** 1]. 

Tbi_ x Al 1+x 0 3 



The manufacturing method of the single crystal of the terbium aluminates 
characterized by raising using a reducibility gas ambient atmosphere or an inert 
gas ambient atmosphere as a training ambient atmosphere in the manufacturing 
method of the single crystal of the terbium aluminates expressed with (- 
0.5<=*<=0.5 [ however, ]), and polycrystal, and polycrystal. 
[Claim 2] The approach according to claim 1 using the crucible of construction 
material which has reducibility, such as graphite. 

[Claim 3] The approach according to claim 1 or 2 an Ilia group element permutes 
a terbium site in part. 

* 

[Claim 4] The approach according to claim 1, 2, or 3 an 1Mb group element 
permutes an aluminum site in part. 

[Claim 5] At least, a terbium, aluminum, and oxygen are included and it is a 
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general formula [** 2J. 

Tbi_ x Ali +x C>3 

The single crystal and polycrystal of terbium aluminates which have the 
presentation expressed with (-0.5<=x<=0.5 [ however, ]), and are characterized 
by being what presents green or yellow-green luminescence also in a room 
temperature in a visible wavelength region. 

[Claim 6] At least, a terbium, aluminum, and oxygen are included and it is a 
general formula [** 3]. 

Tbi_ x Ali«c 03 

The single crystal and polycrystal of terbium aluminates which have the 
presentation expressed with (-0.5<=x<=0.5 [ however, ]), and are characterized 
by being what does not have absorption other than the absorption to 5D4 
multiplet of a terbium from 7F6 multiplet in a visible wavelength region. 
[Claim 7] The single crystal and polycrystal of the terbium aluminates according 
to claim 6 which permute a terbium site in part by the Ilia group element. 
[Claim 8] The single crystal and polycrystal of the terbium aluminates according 
to claim 6 or 7 which permute an aluminum site in part by the lllb group element. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is used as luminescent material, such as a 
laser ingredient and a fluophor, about the manufacturing technology of the single 
crystal of terbium aluminates, and polycrystal. 
[0002] 

[Description of the Prior Art] Conventionally, luminescent material has mainly 
been optically realized by the inactive parent by carrying out minute amount 
addition of the optical-activity element. As a luminescent material which contains 
an optical-activity element as a parent configuration element, the PENTA 
phosphate (for example, NdP 5014) invented in the 1970s is well-known. 
However, since this matter group is manufactured by the polymerization of 
phosphoric acid, it has many faults, such as damaging a synthetic furnace 
remarkably. 

[0003] On the other hand, although Tb3aluminum 5012, TbAI3 B4 012, etc. are 
reported as a compound which uses a terbium as a configuration element by the 
flux growth which is mainly concerned with lead fluoride, the report that 
disappearing thoroughly was known for liquid nitrogen temperature (77 absolute 
temperature) also for the luminescence by all presenting brown or black, 
furthermore light was emitted at the room temperature does not exist. 
[0004] This originates in valence control of terbium ion being difficult in flux 
growth. That is, industrially, since a terbium is supplied In the form of Tb 407, it 
contains the trivalent and tetravalent terbium in 1:1 as starting material for 
composition. Therefore, it was impossible to remove the tetravalent terbium 
considered to absorb the energy of luminescence with flux growth or to have 
returned and to have made it trivalent. 

[0005] This invention solves the trouble of the above-mentioned conventional 
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technique, is the ingredient which contains a terbium as a parent configuration 
element, and aims at offering the manufacturing technology of a new luminescent 
material in which strong luminescence is shown also in a more efficient room 
temperature. 
[0006] 

[Means for Solving the Problem] this invention persons found out that TbAI03 
had a good property as luminescent material, such as a laser ingredient and a 
fluorescent substance, as a result of repeating research wholeheartedly that the 
above-mentioned object should be attained. It studied that it was deterministically 
important as the process that it is a reducing atmosphere as conditions for single 
crystal growth and polycrystal composition. That is, by considering as a reducing 
atmosphere, mixing of a tetravalent terbium was prevented and it found out that 
luminescence yellow-green [ transparent and colorless and ] or green is 
observed and that a reducing atmosphere had the effectiveness which prevents 
the crack of the crystal by the distortion at the time of single crystal growth. 
[0007] 

[Function] This invention is explained further below at a detail. 

[0008] Like the above-mentioned, at least, the ingredient concerning this 

invention contains a terbium, aluminum, and oxygen, and is a general formula [** 

4]. 

Tb,_ x Ali +X 0 3 

It consists of the single crystal and polycrystal of a presentation which have (- 
0.5<=x<=0.5 [ however, ]). Since a lattice constant is controllable by changing x 
values in this range, the hue of. luminescence is controllable. On the other hand, 
since other phases deposit in a crystal if this range is exceeded, it is not 
desirable. 

[0009] In the above-mentioned general formula, an Ilia group element can 

permute a terbium site in part, or an II lb group element can permute an 
aluminum site in part. 
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[0010] Hereafter, it explains taking the case of the presentation (x= 0) of TbAI03. 
For example, a luminescence life is controllable if a part of Tb is replaced by La 
of an Ilia group element, if the concentration of the optical-activity ion added in 
luminescent material is generally increased - luminescence reinforcement - an 
addition - it is not proportional - becoming - just - being alike - while stopping 
emitting light, it is known that a luminescence life will become short 
(concentration quenching). However, although it becomes the case of the 
conventional fluorescent substance, and the thing which was similar with the 
chemical formula about the semantics of a permutation, it emphasizes that the 
semantics which it has completely differs. 

[0011] That is, a chemical formula is [Formula 5] when the case where an yttrium 
permutes is taken for an example. 

Tbi_ x Ali +X O3 

With the conventional technique, although expressed, in order to lengthen the 
luminescence life of the optical activity compound TbAI03 by this invention to 
being in adding Tb as an optical activity element to the inactive compound YAI03 
optically. Ilia elements, such as an yttrium, a lanthanum, and a gadolinium, are 
added and the operation and semantics differ from the conventional technique 
fundamentally. Since, as for a trivalent terbium, the energy-level configuration is 
similar to neodymium and luminescence wavelength is in a visible wavelength 
region (about 530-550nm), it is possible to form visible solid-state four-level laser. 
Since many absorption exists in a wavelength region 400nm or less compared 
with neodymium, while it is advantageous also to absorption of excitation energy, 
such as a xenon lamp, since the absorption from a ground state is well in 
agreement in the oscillation line of a 488nm Ar ion laser, it has conditions 
advantageous also to continuous oscillation. 

[0012] On the other hand, although it generally has the inclination for a 

luminescence life to be long, as a fluorescent substance ingredient since rare 
earth ion is partial allowed transition, a terbium is especially as long as about two 
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to 5 ms extent with the fluorescence ingredient of several% of addition. However, 

as the below-mentioned example shows, when a cerium permutes a terbium 

10%, a luminescence life is shortened remarkably and there is effectiveness that 

remarkable lowering is not seen in the luminescence reinforcement. 

[0013] As mentioned above, the terbium aluminates concerning this invention are 

matter which has the property which was extremely excellent as luminescent 

material, such as a laser ingredient and a fluorescent substance. 

[0014] The single crystal and polycrystal of these terbium aluminates are 

manufactured in the single crystal and the polycrystal raising methods of ** which 

were learned well, such as approaches other than flux growth, for example, the 

Czochrlski method etc., by raising using a reducibility gas ambient atmosphere or 

an inert gas ambient atmosphere as an ambient atmosphere. 

[0015] As a reducibility gas ambient atmosphere, the mixed gas which mixed 

hydrogen or a carbon monoxide in inert gas, such as hydrogen, a carbon 

monoxide or nitrogen, and an argon, is mentioned. Moreover, inert gas, such as 

nitrogen and an argon, is mentioned as an inert gas ambient atmosphere. The 

reducibility gas ambient atmosphere is more desirable. The ambient atmosphere 

which gave a certain extent reducibility to inert gas is also possible. 

[0016] In addition, it is desirable to use the thing of the construction material in 

which crucible also has reducibility, such as graphite. . 

[0017] The example of this invention is shown below. 

[0018] 

[Example 1] 

[0019] TbAI03 single crystal was raised with the Czochrlski method. Raising 
temperature is about 1900 degrees C. 

[0020] An absorption spectrum shows the effectiveness of various raising 
ambient atmospheres to drawing 1 . 

[0021] Although inert atm. (anneald) annealed the crystal in atmospheric air, it is 
an absorption spectrum, the spectrum indicated to be inert atm. (as grown) is an 
absorption spectrum of the crystal pulled up by the inert atmosphere among 
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drawing 1 , and re-duced atm is the absorption spectrum of the crystal pulled up 
by the reducing atmosphere (inside of the mixed-gas air current of 20% hydrogen 
and 80% nitrogen). 

[0022] About 1900 degrees C, for a certain reason, although raising temperature 
has the extent reducibility which is also among an inert gas ambient atmosphere, 
it is not enough. Therefore, absorption large near 450nm was seen, and by 
annealing, this absorption turned into a (inert atm. (anneald) spectrum) and 
strong band absorption, and has appeared. It is thought that this peak is based 
on a tetravalent terbium. 

[0023] On the other hand, by the spectrum of reduced atm, it turns out that it 
does not have absorption near 480nm other than the absorption to 5D4 multiplet 
of a terbium from 7F6 multiplet. Therefore, dramatically, transparency is good 
and serves as a transparent and colorless crystal as a matter of fact. The 
emission spectrum of this reduced atm crystal is shown in drawing 2 . 
[0024] 

» 

[Example 2] 

[0025] It is [Formula 6] by the Czochrlski method. 

Tb x La,_ x A10 3 

Polycrystal was raised. Change of the luminescence life of the sintered compact 
is shown in drawing 3 . The above-mentioned concentration-quenching 
phenomenon is seen and the luminescence life is short from drawing with 125 
microseconds to being 2.07 mses x= 1.0 by x= 0.1. However, since 
luminescence reinforcement generally also becomes weak as it thins with La, 
choosing according to the application to be used is possible. 
[0026] 
[Example 3] 

[0027] In the example 1, the single crystal which permuted 10% of a terbium with 
the cerium was raised. The decay curve of the luminescence is shown in drawing 
4 . Since a certain energy transfer phenomenon has happened between terbium 
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ion, it has been no longer a simple exponential decay, but when time amount 
which becomes the reinforcement of 1/e of early age strength is made into a 
luminescence life, in TbAI03 single crystal, it turns out to being 180 

microseconds that this cerium permutation is effective as a cathode line 
fluorescent substance which is 45 microseconds and is scanned with the single 
crystal of a cerium permutation 10% at high speed. 
[0028] 

[Example 4] 

[0029] This example is an example of single crystal growth by the floating zone 
melting method (FZ method). The equipment used for training is an infrared 
image furnace which has the reflecting mirror which gold-plated at the inner 
surface. The halogen lamp of 5kW of maximum output was used for the light 
source. 

[0030] The raw material rod was adjusted in the following ways. The oxidization 
terbium Tb 407 (purity of 5Ns) and the aluminum oxide (purity of 5Ns) were used 
as a start raw material. After measuring loss on ignition beforehand, weighing 
capacity of both the powder was carried out so that it might be set to 
Tb:aluminum=1 :1 by the atomic ratio, ethanol was added, and it mixed by the ball 
mill method for 24 hours. Next, after casting about 10g of mixed powder which 
separated ethanol and was dried in the shape of a rod, the cold isostatic press 
was carried out by the pressure of 4000kg/cm2. The configuration after a press 
was about 60mm in the diameter of about 6mm, and die length. Then, this 
molding object was put into the container made from graphite, and it calcinated 
within the electric furnace. Baking conditions were made into about 150 degrees 
C 2+2% of ambient atmospheres N rising-and-falling-temperature rate per hour 
for H2, the retention temperature of 1600 degrees C, and holding-time 20 hours. 
Although the molding object before baking was light ********, after baking 
changed white. The configuration after baking was about 50mm In the diameter 
of about 5mm, and die length. 

[0031] Next, crystal training using an Infrared image furnace was performed in 



01/26/2006 15:14 7036371499 



KEATING & BENNETT 



PAGE 72/82 



the following ways. The loss-in-quantity rod calcinated on the top main shaft was 
attached. It adjusted to the bottom main shaft so that anchoring, a loss-in- 
quantity rod, and seed crystal might not carry out eccentricity of the seed crystal 

(3mmx3mmx15mm) of TbAI03 beforehand cut down to c shaft orientations. A 
quartz tube is arranged around a top main shaft and a bottom main shaft, and it 
has structure which can control an ambient atmosphere. At this example, H2 was 
passed by the flow rate of 2l./m 2+2% of N as a controlled atmosphere. 
[0032] Next, after adjusting the head to the focus of a halogen lamp, rotating a 
raw material rod by per minute 10 revolution, the halogen lamp was turned on 
and the output was raised gradually. The head of a raw material rod fused with 
the output of about 3.8kW. Then, seed crystal was gradually raised by the per 
minute 10 revolution, rotating the reverse sense with a raw material rod, and was 
joined to ****. After holding for 15 minutes in this condition and checking that **** 
is stable, a raw material rod and seed crystal were dropped with the speed of per 
hour 2mm, and the crystal was raised. During training, the output of a halogen 
lamp was adjusted so that the die length of **** might become fixed. Reducing 

the output of a halogen lamp gradually, after raising for about 20 hours, the raw 
material rod was moved up and the raised crystal was separated from ****. Then, 
the output of a halogen lamp was reduced to zero over about 5 hours, and the 
crystal was annealed. The obtained crystal was transparent and colorless and 
the configuration was about 40mm in the diameter of about 4mm, and die length. 
Moreover, neither air bubbles nor a crack was accepted. 
[0033] 
[Example 5] 

[0034] This example is an example of the single crystal growth by the vertical 
Bridgman method. The container made from graphite was used for crystal 
training. They are the structure where the configuration of a container is 50mm in 
the bore of 45mm, and die length of a body, the bottom has become the taper of 
45 degrees of aperture angles, and the head can install 5mmx5mmx10mm seed 
crystal, and intermediary ****. 
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[0035] The container was filled up with about 450g of powder mixed by the same 
approach as an example 4 after installing the seed crystal beforehand cut down 
in this container at c axis. Then, the graphite container filled up with powder was 
installed in the electric furnace which uses a mesh-like tungsten as a heating 
element. Once carrying out evacuation of the inside of a furnace to 10-3Torr, 
Ar+3%H2 were introduced as a controlled atmosphere. Then, powder was fused, 
after energizing and heating to the heating element and adjusting a temperature 
gradient. Next, it cooled slowly from the seed crystal side, and the crystal was 
raised. It cooled slowly to the room temperature over one week, and the crystal 
was taken out. The obtained crystal is transparent and colorless and neither air 
bubbles nor a crack was accepted. 
[0036] 

[Effect of the Invention] Since mixing of a tetravalent terbium is prevented 

* 

according to this invention as explained above, luminescence yellow-green 
[ transparent and colorless and ] or green can be presented, and the luminescent 
material which consists of the single crystal and polycrystal of high quality without 
a crack can be offered. 



[Translation done.] 
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[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the absorption spectrum of TbAI03 single 
crystal obtained in various ambient atmospheres in the example 1 . 
[Drawing 2] It is drawing showing the emission spectrum of TbAI03 single crystal 
obtained by the reducing atmosphere in the example 1 . 

[Drawing 3] It is drawing showing change of the luminescence life of the sintered 
compact of the polycrystal which permuted a part of terbium with the lanthanum 
in the example 2. 

[Drawing 4] It is drawing showing the decay curve of luminescence of a single 
crystal which permuted a part of terbium with the cerium in the example 3. 
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[0 0 11] ?lS.t> "6, -f y h'J9A"Ca«T**^ 

Mfcs] 

Tbt- x Ali 4X 03 10 

<*Y A ] 0« tC3£^ftfc^$£ bTTbSStfrTS £ t 
tft*OK»U Jfc^sfS&fcfcS'i&TbAI 

# F0XT>A$©IIIe7C$*8Siirrs©T* 

©t\>v tf * Att*<ox*JV*-$ffi*ifc*<**.;> s £ a 

Ic!8<HU J.O»#»fittnHJta£#(ltt5 3 0-5 5 
E fc*nij|re&*. ^ys«?Afctt;^T4 0 OnaETF a? 

©«fi«e£<©»w#^*fc«>, ^-fe/^^^^ 

-©««« fc<t < -s-r « ttibmm&miz. *>%mtt4kft 
[0012]-^, mttfttmtVTte. -mz#±m 

H«0tlT»f«fc3fc, T-JUf^ASHr'JtfAT?! OXfi 50 
[0 0 1 3] &±©«fc5fcv #589ifc«-5T;n;#A7 

UTa*Tfiin»:ii«Ht**rrs'»HT?»*. 

[0 0 1 4] C©xJHft7A7^5*-h©*l(SaRO: 
£JSfitt, 7 9 s> 2 *«£(*©;*&, fcl*.rf. ?a*9 

5. 

[0 0 15] a7Ctt#X3?ffl&fc UT. ztCSfcXtt-SMK 
SfcWiS*, 7*:f>fc£©*tt#Xk:jjc#Xtt 

sttttxawsns. Jt7ctt^xsrH«©^*ws b 

[ooi6] fc*v ^97r-f h«©«7ce* 
=rr*»j?©<b©&fflv»sii:*ja*Lu. a? 



$$IB¥7-1 0 8 94 

[0017] uTiz.*%m®9mm : &K?. 

[0018] 

[0 0 19] f-3^5;VX+-fttC±DTbA10j*|g 

fi£ft$ufc. 3r£±tfa«tti 9 o ottgar?**. 

[00 2 0] HI fc8*©3l£±tf#BS©S&«£«JK 
[0 0 2 1] B 1 *t>. Inert aim. (as grown) i^l/fcX 

Inert Bin. (anneald)«-?-©iajl**& 
»|'T7x-;H/fc'&©©KJRX^HVT»D, re-dnc 
ed atm«S7cteSK^(2 0«*Jgt8 0%g*©ig^ 

#xa«iqoT3is±tf;fc£&©!M[x^ mpt* 

•6. 

[0022] gi$±tfiafl!Hi 9 o o'csaiftst*, 

T?«&V>. LfctfoT, 4 5 0m#ifiClEVi8ftiRdt*& 
ft, C©K«R»7=.-;H-§c:tK«J:D (inert atn. (an 
neald)*^ WW, ®Wt>K©iKi£oT?it>ftT 

v>*. j:©t:-i'tt4ffl©T;n;<?A»c<kst)©t#A 

6ft3. 

[0 0 2 3] reduced atn©X<"<? h;VTtt, 4 
8 0 txnttiSK.7-)U\d >>A©' F»#g«* 6« D< 
©®JR£(^fcKJRft#fc&^2:t*tt>A^. 
T, m\Z&W&tfi£<> ^±«fl2ffl©lgftt^r> 
TV>*. H 2 ©reduced atn£a©S&£;^0 h)U 

[0 0 24] 
[*tt0i 2 ] 

[0 0 2 5] ^ai/^JV^^-tell^D 

Tb x La 1 _ Jl A10 3 
^fcHSWlfcUfc. B 3 fc*©fc8flc©5Bfc**©aHfc 

o. l T»9bl9Mn9< 2 . 0 73'J8>-e*S©K:5»b. x 

-1. 0T»1 2 5T-f2rn#iS<&-3TV»S. b*> 
U LaT?#i&*C«ev^3lfia»««>-f-iB»tB<3ftS© 

x, wstsm&izfoVTmm-zzkiffli&r&z. 

[0026] 
[$1S093] 

[0 02 7] MM® 1 K^Vit, r^H^A©^ 1 0 
*S-6U9A-T?«»b&*ttfl«««b&. R4HO 
«^©«««»*5Rr. 7 t ^e^A-far>MTW636»© 

»3ag-CI4A:<^-3T^*^ 1Dffl3iffi© 1 / e ©Siffi 
ca5^r(W*»)K»iliri:T-5i:, TbAIO»*IBaT?« 
1 8 0 V-f ^ nU>-C**©fc^UT. 1 0 Xt>J #AS 
ft©*te»Ttt4 5T-f^n»T»D. iltX^> 
T * * V - H fcbTttJL©-fc'J •> AHft**fiR» 
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[00281 

[0 0 2 9] *mmmmm(F2m\z£*%m 

[0 0 3 0] GTO»,i£rF©5SflS-eiB»t/fc. ffl^JHft 
£ LT8fc-5\fct:>?ATb< Of («g 5 N) £ttfc7;V3 

ft, W*&**BmtTTb : Al=l : 1 fcfc*J:5lcff 

*»1 Og&##fctfffll,;fc&, 4 0 0 0 kg/cm' ©BE7J 
£3*9 6 OnmTJSofc. 8&V>T:i©J$g#£y9:7 

tt, »k&n, + 2 xh,, mffiis 1 8 o or, ##J9 

m 2 o *m, i s o ic t u&. 

[0 0 3 1] jfcftSH' *-$^*m>&J&iiWjfc 
i<oa<Sfi(3nmX3iiifflXl 5 urn) SEfttf, 

[0 0 3 2] ftClCHttftftftl OHJCTim&S-ti-fcat 

uy>9>7*AffU tMrfc*©W:*J«±&Stffc. 
ffl*»3. 8kWTJS»»CD5fe«*t§»bfc 0 mux, 

o s«ETKiM»itta»ifi)<rcia(E3*« 



< 4 > 4$68¥7-1 0 6 94 

6 

c^saa-e-, M#a:t?«Lfc«fa*«o«ufc. c© 

fttS^? j v q tag}© t>tm.fa &. 
[0033] 
[&ttft|5] 

[0 0 3 4] *W«Sit^'J y JT>tfefcJ;6*jaftW 

iStt 5 mix 5biiX l 0wi<D&t$3itf&$T!$%%t%tte 

3TWS, 

[0 0 3 5] combc. ^»c«fc«Jt>fflL-&ai|gfl 

4 6 0g£g«te=fcKL.fc. ttV**C» ©jfcSjftKLfcy 
77r-T h*£S8&, ^y^att©^>4fXT'>*SIJtt* 
£?"*«£#fc«Bb;fc. j(P^*-mi 0-'Torr*T 

3WfWZ t UTAr+ 3 KHj 

[0036] 

[»W©3&g] «±MHUfc*!>fc, *58Mlc<ktitf, 

4«©5 ! ';n;'7A©SA!iJEitans©T, BfiaB'e 

£:3j»i»fc#V>«»fe©f8fc&MU «n©»V»(65iBfl 

30 

[Hffi©«*&K9i] 

[Hi] *KffiiiKav»Ta*©*H»Tr#6nfcTb 

[H2] SE«WlK*V>Ta«tt*i!«Tl»6nfcTb 

1?HiftL&^«Sa©JftlS«:©«3tJM»©«fl;£^EaT? 

[04] SUSWSfc^Tr-^H'JAC-fflft-feiJ^A 
« T^Ufc¥J6A©5lft©»g|&«*j*TBT8S. 
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mi: 




Wavelength (A) 



[192] 



365EM-RT 




4000 



4500 



6000 5500 6000 

WAVELENGTH (A) 



6S00 



7000 



-587- 



01/26/2006 15:14 7036371499 



KEATING & BENNETT 



PAGE 82/82 



(6) 



-106 94 



[04] 



^ 2 

til 



« 

OR 



V2.07 



Tb«La!-xALOi 
powder 



i 1 1 1 1 1 




-i — i — i i 1 1 1 1 1 



aos o.i 



o.s 0.1 



TbALChUUSS 



Tbo.vCeo.i/U03*M6a 




40 60 80 
tlmeOtseo) 



100 120 



(RD.Int.C].' 
// C 0 9 K 11/80 
HOIS 3/16 



CPM 



9159-4H 
8934 -4M 



F I 
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